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INTRODUCTION 
In his first study on the influence of inorganic  neutral alkali salts upon the 
resting  potential  of frog muscle  HSber  (1)  came  to  the  conclusion  that  the 
results can be interpreted by assuming that they are called forth by alterations 
of the colloidal constituents of the plasma membrane of the muscle fibers and 
that the same alterations,  swelling or shrinking,  appear during the excitatory 
process, --in other words, during the action of the potential wave.  Later, the 
same interpretation  was applied by Netter (2) in a corresponding study of the 
effects of neutral  inorganic  alkali  salts  on frog nerve  which is  the most  ap- 
propriate  organ  to  respond  to  an  ionic  imbalance  with  an  electric  reaction. 
Subsequently,  these  experiments  with  inorganic  salts  were  extended  to  ob- 
servations comparing on one hand the myelinated frog nerves with unmyelin- 
ated ones of crabs; on the other hand,  inorganic ions were compared with or- 
ganic ions in order to test the properties of the surface membrane as correlated 
with lipoid solubility, surface activity, porosity, etc. (see especially Wilbrandt 
(3), H6ber, Andersch,  H6ber, and Nebel (4).  See further Shanes and Brown 
(5)).  In  connection  with  these  latter  investigations  recently  we  have  in- 
cluded  in  our  study  a  special  group  of  organic  electrolytes,  the  daergents. 
This term refers here to the large group of organic strong electrolytes, especially 
the sodium salts of strong acids,  the anions of which have a non-polar-polar 
molecular  configuration,  the  polar  hydrophilic  character  of which  ordinarily 
is due to a  sulfate or sulfonate group on one side of the anion,  the non-polar 
(organophilic,  hydrophobic)  character to a greater or smaller number of alkyl 
groups on the other side of the oblong structure.  A first series of observations 
about the influence of non-polar-polar detergents on muscle potentials has been 
described previously (see H6ber (6)).  A parallel study on frog sciatics follows 
in this paper although  this  object is by far not so favorable as frog muscle. 
Nerve fibers of frog are  wrapped in layers  of dense connective tissue,  which 
may be split by a  quartz  needle (Gerard),  but not without damaging  by this 
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procedure many of the enclosed more or less isolated fibers.  Furthermore, the 
myelin sheath of the fibers of a frog's sciatic probably fails to be penetrated by 
the neutral strong detergent electrolytes, so that one may be confronted with 
the  fact  that  the  detergent  salts  do  not  come in  contact with  the plasma 
membrane (or neurilemma) except at the Ranvier nodes (see Kato (7)).  For 
these reasons future studies will include investigations on unmyelinated nerves. 
Methods 
The excised nerves were placed in a moist chamber as described by Netter 
(2).  This  chamber  can  easily be  enlarged for the  use  of four nerves,  the 
resting potentials of which are measured alternately (see also Wilbrandt  (3), 
Shanes (5)). 
RESULTS 
The results are shown in Table I, which strikingly resembles Table I in our 
first paper (p. 392).  Again, the +  and --  signs indicate the direction of the 
resting  potentials,  referred  to  the  initial  potential,  observed under  the  in- 
fluence of Ringer solution. 
In other words, a +  sign indicates a potential which, arising under the local 
influence of one of the active (detergent) substances, is directed in the outside 
branch of the  electric circuit from the point  of local influence towards  the 
unaltered surface, whereas a  --  sign indicates a  potential comparable to an 
injury potential; i.e., the current flows outside the fibers from the intact surface 
to the altered surface.  1 
The numerical values of the potentials (in millivolts) appearing under the 
influence of the same solution vary from one experiment to the other, whereas 
the direction of the potential fall is independent of the concentration.  ~ 
Taking this into account, it is obvious that the behavior of the muscles, as 
shown in Table I  of the first paper,' is fairly well duplicated by Table I of this 
paper regarding nerve,  s 
However, it  seems  necessary  to  interpret  our  results  somewhat  more  in 
detail than in the report on muscle in the first paper.  The effect of the various 
+  --* -  means a potential changing during the experiment spontaneously from a 
positive toward a negative direction.  0 indicates no effect. 
2 Comparing  the amount of potential appearing in our former experiments with 
muscle, the shifts in millivolts, which are brought about on nerves, are considerably 
srn~]ler. 
s But again attention has to be paid to the fact that as in the former paper (p. 393) 
our results are dealt with only in a highly abbreviated form, disregarding individual, 
seasonal,  environmental, and other influences, for the reason  explained  in the first 
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detergents  is  different  with  regard  to  the  length  of the  alkyl chains,  which 
regulates the adsorption affinity; also a  difference arises in regard to the re- 
versibility or  eventual  irreversibility of their  attachment,  especially in  cor- 
relation  to  the  concentration  applied.  This  adsorption  brings  about  an 
TABLE I 
Resting Potentials of Frog Nerves 
Mdar Concentrations Producing FAther Negative or Posibi~e Resting Potentials 
~o,a, concoo~a~ons  .........  ~.  ~  ~  I ~ ! 
Alkylbenzenc sulfenate¢ 
9 C:nonyl  0  +--~-- 
8 C:octyl  +--~-- 
6 C :hexyl  + 
4 C :butyl 
3 C :isopropyl 
2 C :ethyl 
2 C :xylene 
1 C: toluene 
0 C :benzene 
+  +-o-  - 
to  ,t~ 
+++~- 
0  +  + 
+ 
+ 
+ 
Alkyl sul/ates 
12 C:dodecyl  +--, 
10 C: decyl  i 0 
8 C: octyl  0 
7 C :diisopropylcar- 
binol 
6 C: 2-ethylbutyl 
4 C :isobutyl  i 
+ 
+ 
0  +  + 
+  + 
Dialkyl sulfosuccinates 
16 C:dioctyl OT 
12 C:dihexyl MA  +!  -- 
10 C:diamyl AY  0  +[  +--*--  -- 
8 C:dibutyl IB  00  0  0  01+--*-- 
orientation of the non-polar-polar anion with its non-polar half directed to the 
membrane, its polar half directed towards the aqueous phase in the surround- 
ings.  The result of this  attachment is a  negative  charge of the membrane 
substance or, better,  an increase of the natural negative charge of the sub- 
stance (its negative electrokinetic potential) which is independent of the natural 
thermodynamic  positive potential.  This latter one is based upon the normal 
selective permeability of the membrane to K  ions accumulated in the interior 
of the fiber and due to the small size of K  ion in contrast to the large size of the 
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Thus it follows that if the membrane is locally exposed to a  certain con- 
centration of an appropriate detergent anion, the thermodynamic membrane 
potential at that spot is changed, i.e.  first increased  (in other words, more 
positive), because the natural negative charge of the membrane substance will 
become more negative, so that the thermodynamic potential with K  outside 
rises locally; a reversed current appears. 
But with higher concentrations of detergent anion not only the charge, but 
also the architecture of the membrane substance will be altered.  Due to their 
adsorption,  the  detergent  anions  intrude  into  the  array of micelles of the 
membrane substance and enlarge the intermicellar distances so that the struc- 
ture of the thermodynamically  active membrane is loosened up; consequently it 
becomes more permeable even to Na and other inorganic cations having a size 
greater than thesize of K  and also permeable to inorganic anions.  The local 
positive  thermodynamic potential falls off, eventually to zero,  the reversed 
resting potential disappears and turns in the direction of the normal injury 
current, issuing from a normal surface spot and directed to the injured spot. 
The final result of the loosening effect of the detergent adsorption seems to be 
a breakdown, or a hole; possibly the membrane is  torn to pieces, and if so the 
effect may become irreversible.  It is understandable that this is most probably 
a result of detergents in higher concentration and with strongly adsorbable long 
alkyl chains (cytolytic dispersing effect; see the first paper). 
Are these alternative electrometric actions of the detergents indicative of 
other physiological symptoms?  It seems promising to correlate these electro- 
motive effects with the most prominent electric phenomenon following exci- 
• tation,  the  action  potential  wave,  or  the  propagated  disturbance  following 
stimulation.  This is a wave of depolarization of the plasma membrane issuing 
from  the  stimulated spot  and  immediately succeeded  by  a  repolarization, 
while a more distant spot undergoes depolarization.  This sequence, according 
to Hermann (1876) and others is interpreted by the Stroemchentheorie,  which 
has been worked out more in detail by many other authors in the "core con- 
ductor theory" (Cremer (8), Ebbecke (9), Lillie (10), Labes and Zain (11), and 
others), particularly by using the so called "membrane core conductor" as pic- 
tured in Fig. 1. 
In this model the propagated diphasic action potential wave is reproduced as 
follows: NN is a part of a nerve fiber,  pppp is a tube made of a hydrophilic 
coUoid and representative of the plasma membrane or the neurilemma; the 
tube is filled with a neutral solution of potassium phosphate as axoplasm and 
imbedded into  a  solution of NaC1  by soaking  the  gauze which  wraps  the 
colloidal tube in it. 
According to the studies of Ebbecke and Labes, it is chiefly shown that this 
model acts in the following manner:  Due to its greater permeability to K and 
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tube is positive, the inside negative.  Upon local (mechanical, chemical, or 
electrical) stimulation, indicated in Fig. I by the shaded region, the structure of 
such a tube can be softened so much as to abolish the membrane potential; the 
membrane becomes depolarized.  The result is that in the neighborhood of the 
stimulated area circuit currents appear, which below the stimulated area drive 
K  and C1 into the tube and make its wall undergo a  transitory dispersion, 
whereas abo~e it, inside the stimulated area Na and HPO4 are shifted into the 
tube and make it tighter; i.e~, they repolarize it. 
In  this  way the  just  depolarized part  of the  tube  must  initiate further 
extension of  the  circuit  formation  (as  especially shown by experiments of 
Labes and Zain (11)). 
Fro. 1.  Model of a fiaembrane  core conductor. 
Now, returning to our previously mentioned experimental results on the in- 
fluence of  the various detergents upon the electromotive reaction of muscle 
and nerve, the following experiments on muscle have been carried out:  A frog's 
sartorius is suspended in Ringer's solution and is stimulated rhythmically by 
maximal electric shocks exhibited in the manner shown in Fig. 2. 
With this set-up, upon addition of appropriate amounts of various detergents 
to the Ringer solution the results shown in Table II were obtained. 
Each of the Table II a, b, and c presents for each of our three main groups of 
detergents a  remarkable correlation between the potentiometric reaction and 
the contractility of the frog muscle.  The potentiometric  reaction is, as has been 
shown before,  either  a  positive  (reversed)  potential  or  a  negative  (injury) 
potential dependent upon the concentration and the length of the alkyl chain of 
the  compound present.  The  contractility  varies  in  a  corresponding fashion 
being either increased or decreased, and the factual existence of such a  cor- 
relation between potential changes and contractility is especially secured by 
the statements given in Table II.  This means that for each group the molar 
concentrations, which have been found to be equally efficient in bringing about 
an increase or decrease of potential or of contraction, are the same.  In other 116  PHYSIOLOGICAL  E~FECTS  0]~  ORGANIC  E~ECTROLYrEs,  H 
words, the changes o] electromotoric and o] mechanical reactkms are intrinsically 
connected. 
This result is directly understandable with regard.to the long chain com- 
pounds, since both injury potential and loss of contractility may be conceived 
as being due to the loosening of the plasma membrane.  The further result, 
however, that there is a correlation between the appearance of a reversed po- 
~t  418o VOLTS  ,/X/x/Vx~ 
,SHII:LD GRIP 
-  c,  - 
CONTROL GRID  HEATER  ~_. 
R,  R,  R,  T  ~-' 
.~  -n- 5"nMULA~Ne  t~ 
Fro.  2.  Set-up  for  stimulating  muscles  by  rhythmic  condenser  discharges  (J. 
E. Lilly).  A condenser  Cz of 2 to 8 microfarads capacity is charged by a  180 volt 
battery through the resistor R ~ (0.5 to 2.0 megohms).  This circuit is connected with 
another circuit containing a  gas tube (discharge  type), through which  C  l can dis- 
charge.  Mter the cathode of the tube has been heated enough, at a certain critical 
voltage the tube suddenly conducts electricity, where previously it did not.  The 
current passes the resistors R6,/~,/~.  The critical voltage level, at which the tube 
discharges the condenser,  is controlled by the grid bias voltage on the control grid, 
which is set by means of R~.  I and II are the stimulating leads, providing repetitive 
stimuli at certain intervals (about 10 to 20 per minute). 
tentlal and a rise of contractility may not be simply anticipated, but possibly 
it can be explained on the basis of the following considerations. 
Previously (p.  114)  it has been assumed  that  a  reversed potential can be 
thought of as being primarily indicative of the loosening effect of the intruding 
detergent anions, but nothing else.  A real breakdown beyond loosening would 
be incompatible with the propagation of the excitation wave which implies the 
existence of the small circuits, in other words, the self-repair of the primarily 
stimulated spot; and this concept would be in agreement with the well known 
observations of Cole and Curtis (12), that an excitation wave, running down a 
nerve fiber (squid), is accompanied by a  well reversible increase of ion per- 
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breakdown. 4  Rather,  we  come  to  a  conclusion  which  reaches  beyond  the 
results  arrived  at  in  Paper  I.  Detergents  are  substances  which  affect  the 
surface membrane of muscle and nerve, as evidenced by the resting potentials as 
analogues of the excitatory processes.  Detergents with  long  alkyl chains are 
TABLE II (a-c) 
Correlations between the Petentiometric  Reactions of the Resting  Frog Muscle toward A nionic De- 
tergents and the Response of the Muscle to the Rhythmic Stimulatio:*  by 
Condenser Discharges 
(a)  Alkyl  ben- 
zenesulfou- 
ares 
10 C:decyl 
8 C:octyl 
4 C:butyl 
3 C:isopro- 
pyl 
2 C:ethyl 
2 C:xylene 
1C:toluene 
0 C:benzene 
(b)  Alkyl  sul- 
fates 
12 C:dodecyl 
10 C:decyl 
8 C:octyl 
7 C:diiso- 
propyl- 
carbinol 
6 C:2-ethyl- 
butyl 
4 C:isobu- 
tyl 
(c)  Dialkyl sul- 
fosuccinates 
12 C: dihexyl 
MA 
10 C: diamyl 
AY 
8 C: dibutyl 
1B 
Muscle potential raised (+) or 
dimini;hed (-) by adding the following 
molar concentrations 
1/5oo-  1/i000-  1/2000-  1/4000- 
1/100-  1/30(1:t=  1/400-  1/500-  1/2000::1= 
1/12.5-  1/20-  1/30+  1/50+ 
1/10+  1/20+ 
1/2o+ 
1/2o+ 
1/2o+  1/3o+  1/5o+ 
1/lO+  1/2o+ 
1/2000--  1/5000--  1/10000:i: 
1/1000--  1/15eel: 
1/40--  1/120--  1/200=t= 1/400+ 
1/20+4-- 1/10+-*-- 
1/10+  1/20+ 
1/12.5+  1/40+ 
1/300--  1/500--  1/loo0-- 
1/300--  1/500--  1,/10004  - 
11100-  11300+-0-11500+ 
Contraction increased (+) or 
decreased (--) by adding the following 
molar concentrations 
1/150--  1/300:i:  1/400-- 
1/40--  1/100--  1/300--  1/400-- 
1/20?  1/50--  1/150-- 
111o+  112o+ 
1/10+  1/20+ 
1/10+  1/20+ 
1/20+ 
1/17.5+  1/20+ 
1/666  contracture 1/1000  contracture 
1/300-  1/1000- 
1/50-  1/150-  1/200- 
1/10+  1/12.5+ 
1/10+  1/15+  1/20~: 
1/10+  1/20=1= 
1/300?  1/500-- 
1/5o0- 
1/50--  1/I00--  1/300+ 
apt to loosen the surface substrate of activity to the degree where it paralyzes 
the machinery, and after local application to produce an injury potential,  But 
4 However, this interpretation is not quite convincing because several additional 
observations obscure this picture.  Although the rise of contraction height as well as 
the positive potential change is regularly present when  adding a  short chained de- 
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what  is  more  important,  through  the  compounds  with  short  alkyl  chains  in 
appropriate  concentrations,  both  the  thermodynamic  and  electrokinetic  po- 
tentials  of the membrane  can be influenced  in such  a  way (see p.  113)  that a 
reversed  potential  first  arises,  but  that  with  more  detergent  added  it  turns 
through zero to the opposite direction, to that of an injury potential. 
Let us take at first into consideration the appearance of a  positivity.  This is 
connected with a reversible rise of contractility.  It leads one to the assumption 
effect of the addition,  but there becomes evident another symptom of the detergent 
effect, an alteration  of the relaxation curve. 
FIG. 3.  Effect of detergent solutions upon rhythmical maximal stimulation of frog 
sartorius muscle.  Average interval  between  stimuli  10 to  12 seconds.  A, isobutyl 
sodium sulfate isotonic  +  K  +  Ca 3 parts,  Ringer 1 part.  B, 2-ethylbutyl sodium 
isotonic  +  K  +  Ca.  C, p-xylene sodium sulfonate isotonic  +  K  +  Ca.  D, sodium 
sulfate 0.073 molar (isotonic).  E, NaSCN isotonic, 1 part  +  Ringer 3 parts. 
Ordinarily this curve swings below the base line of the contraction curve as shown 
in Fig. 3 A.  But with  certain compounds this  swing is  stopped immediately after 
their addition, the stop lasts throughout their presence and disappears promptly after 
their  removal (Fig. 3 B).  Furthermore,  there are closely related compounds, which 
either fail to produce the "swing stop" or allow it to disappear after some time (Fig. 
3 (7); recording the contraction on a high speed kymograph often brings to evidence 
irregularities  in the  relaxation  curve or its  ending in contracture.  Very significant 
on one hand is the swing stop after applying to the muscle divalent inorganic or or- 
ganic ions (Fig. 3 D), the lack of any swing stop on the other hand after raising the 
contraction height by univalent inorganic ions, J., NO3, SCN (Fig. 3 E).  Probably, 
in order to interpret these various factors in altering the swing phenomenon, a number 
of physicochemical reactions,  adsorption,  swelling,  shrinking of the contractile sub- 
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that positivity is indicative of persistent excitability and as such a counterpart 
of  the  abolition  of  excitability by  negativity.  This  is  indeed  the  factual 
behavior.  Following  the  aforementioned  Stroe~henth~or~  of  Hermann 
(p.  114), the wave-like propagation of excitation is based upon the repetitive 
formation of the small electric circuits (see Fig. 1); in other words, it is based 
upon the repetitive local depolarization and repolarization of the membrane. 
As mentioned before,  it is  easy to understand that  in  the presence  of the 
detergents with long alkyl chains the chances of repolarization are small or 
nil and different principally from those established by the addition of short 
chained detergents.  Under normal conditions the surface potential of a resting 
nerve or muscle fiber is positive outside and is believed to be so because of the 
sieve-like character of the membrane with K~ >  Ko and the substance of the 
membrane bearing naturally a negative charge.  Then, according to Michaelis 
a  thermodynamical potential exists all around the fiber.  But, upon the local 
addition of detergent and due to the adsorption of its anions, the negativity 
of the membrane substance rises even more; the therInodynamical potential 
locally increases, a  reverted resting potential appears.  Consequently, deter- 
gent anions are forced locally into the wall, the array of membrane micelles is 
loosened, and the entire structure more hydrated, but not loosened enough to 
cause falling apart.  It follows that the excitation wave still can persist, and 
that local circuit currents still may arise, which are strong enough to recon- 
solidate the previously softened part of the surface.  In this way there may be 
visualized the fact that an excitation wave can pass between two electrodes, one 
located  inside the  axoplasm of a  giant  nerve  fiber, the other  outside and 
opposite to the inner electrode, causing the ohmic resistance of the membrane 
between the two electrodes to drop down and immediately to rise again to its 
former value (Cole and Curtis (12)). 
SUMMARY 
In  a  previous  paper  it  has  been  shown  that  the  nonpolar-polar  anionic 
detergents can be divided into two main groups.  One chemically characterized 
by a  relatively long chain of non-polar alkyl groups, which in solution are in 
contact with one end of a  muscle and, locally adhering to it, produce a  per- 
manent negative injury potential.  This is generally accompanied by a loss of 
excitability.  The second group, distinguished by a  relatively short chain of 
non-polar alkyl groups  acts  reversibly,  ordinarily preserves  the  excitability 
and, in contrast to the first group, produces locally a reverse positive potential. 
For reasons mentioned before, this appears likely to correspond to an increased 
activity. 
These concepts have been tested in this second paper.  The measurements 
of the resting potentials of muscles have been supplemented by measurements 
on frog sciatics with the result that there are brought about, again by the 120  PHYSIOLOGICAL EFFECTS OF ORGANIC ELECTROLYTES.  II 
detergents  with  long alkyl chains,  regular  irreversible  negative resting  po- 
tentials and with the short chain compounds reversible positive potentials are 
aroused.  Furthermore, in addition there appeared the hardly expected result 
that muscle stimulated in the presence of short chain detergents responded with 
an even higher contraction.  We have endeavored to explain this on the basis 
of general considerations concerning the physical chemistry of the excitatory 
process. 
More direct evidence of this rise of excitability under the influence of the 
short chain non-polar-polar detergents will be presented in the next papers on 
studies  concerning  chronaximetric  measurements  on  nerve,  referring  par- 
ticularly to the semidetergents, and concerning the  effects of detergents in 
general upon the heart beat of a  clam. 
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